The mfluence of optical radlatlon on the MOSFET threshold voltage has been mvestlgated theoretically as well as experimentally For conventlonal MOSFETs the influence 1s neghglble, but for open-gate FET-based sensors, such as the ISFET, optIcal radiation can cause a considerable threshold voltage shift An explanation of the threshold voltage shrft due to lllummatlon 1s given, based on the analysis of quasi-equlllbnum effects in an lllummated semiconductor surface layer The relation between the threshoid voltage and the optical radiation intensity has been derwed Exper~en~ results are gwen
Introduction
In recent years, there has been a growmg interest m the utlhzatlon of insulated-gate field-effect transistor structures and related devices as sensors For example, vlslble and mfrared Imagers, prezoelectnc strain sensors, various chemrcal sensors, as well as humldlty and gas sensors based on these structures have all been reported m the literature Although there 1s a vast store of knowledge concerning the effect of optical radiation on the electrophyslcal parameters of MIS capacitors [ 1 -41, no mformatlon is available pertammg to the effect of optical radlatlon on MISFET parameters and characterlstlcs, which 1s a serious drawback with respect to the apphcatlon of lllummated MOSFET-based sensors For conventional MISFETs this problem 1s of minor mportance, but for open-gate FET-based sensors it 1s essential to consider It For instance, we observed a gate-source voltage shift of approxunately 50 mV m ISFETs apphed m a source follower concept, due to normal ambient hghtmg Thrs voltage shift 1s comparable to that produced by a change of 1 pH unit m a test solution, and indicates the lmpo~ance of effectwely reducmg the ISFET light sensltw&y (4) The metal-semiconductor Fermi potential difference @MS as well as the surface state density Qss are assumed to be independent of optical radlation (5) Surface recombmatlon IS ignored (6) The lifetimes of electrons and holes are equal to each other and constant over the whole volume and surface layer of the semiconductor (7) Optically stimulated charge exchange with surface states as well as photoemlsslon to the dlelectrlc are neglected with V, the normahzed Fermi potential (V, = c#+q/kT) and n, the mstrmslc concentration, 1s disturbed by optical radlatlon producmg separate hole and electron quasi-Fermi levels In the normahzed form these are respectively denoted as VP and V,, and can be wntten as
kT For a low light generation level it 1s possible to assume that the temperature and energy of the crystal do not change This state IS the so called quasiequlhbrlum state The total electron and hole quasi-equlhbnum concentrations can then be described by the followmg equations
where n* and p* are the electron and hole quasi-equlhbnum concentrations, respectively (all quantltles for quasi-equlhbnum states will be slgmfled by asterisks)
The product of the electron and hole concentrations for the quaslequilibrium state differs from that for the equkbnum state n*p* = n, exp(-VN)n, exp( VP) = n12 exp( VP -V,)
The distance between the quasi-Fermi levels VP and V, characterizes the deviation from the equlhbnum state
The product of n* and p* can now n*p* = n1*2 where nl* 1s equivalent to the value which we will call the effective mtrmslc also be written as Figure 3 shows the theoretical effective threshold voltage V,* as a function of the light-excl~tlon factor for one of the lnvestl~a~d devices 
Conclusions and dlscusslon
Using monochromatic lllummatlon, the threshold voltage photoresponse of n-channel MOSFETs has been mvestlgated and compared to the theoretical predlctlons
In general, the theory has been found to describe quahtatlvely the observed threshold voltage modulation of the MOSFET device due to lllummatlon Agreement between theory and expenment, however, IS only qualitative Quantitative agreement between theory and expenment 1s lmplred by the fact that the constant h,, as introduced m eqn (20), 1s not known Additionally, it should be noted that this constant kl depends strongly on the properties of the silicon, which lmpans the posslblhty of comparing our results with those of Plerret and Sah [ 31, for example We believe that by using MOSFET structures under monochromatic Illummatlon, we can carefully estimate the hght excltatlon factor R by measuring the threshold voltage shift
In our experiments we also used ISFETs with a sandwich dlelectnc of SlO, and AlzO, or SlO, and Ta205 Their behavlour under lllummated condl-tlons was slrn&r to that of the MOSFET Therefore we conclude that the 
